Soil contaminated with polychlorinated biphenyls (PCB) was used as an inoculum to grow a complex biofilm community on PCB oil (Aroclor 1242) on a substratum (Permanox). The biofilm was monitored for 31 days by confocal laser scanning microscopy, community fingerprinting using single-strand conformational polymorphism (SSCP), amplicons of the 16S rRNA genes, and chemical analyses of the PCB congeners. SSCP analysis of the young biofilm revealed a rather diverse microbial community with species of the genera Herbaspirillum and Bradyrhizobium as dominant members. The biofilm developing on the PCB droplets displayed pronounced stages of PCB degradation and biofilm development not described before from pure-culture experiments. The first step was the colonization of the substratum while the PCB oil was hardly populated. When a certain density of bacteria was reached on the Permanox, the PCB was colonized, but soon the degradation of the congeners was markedly reduced and many cells were damaged, as seen by LIVE/DEAD staining. Finally, the biofilm formed aggregates and invaded the PCB oil, showing lower numbers of damaged cells than before and a dramatic increase in PCB degradation. This sequence of biofilm formation is understood as a maturation process prior to PCB oil colonization. This is followed by a thin biofilm on the PCB droplet, an aggregation process forming pockets in the PCB, and finally an invasion of the biofilm into the PCB oil. Only the mature biofilm showed degradation of pentachlorinated PCB congeners, which may be reductively dechlorinated and the resulting trichlorobiphenyls then aerobically metabolized.
Microbial communities organized in biofilms show a multitude of interactions, including carbon sharing (26) , interspecies communication (33) , and steep physicochemical gradients (10) , and are very well protected against environmental stress factors such as radiation (32) , water stress, or grazing (23) . These characteristics make biofilms the preferred lifestyle of microorganisms in extreme habitats, and we speculated that complex biofilms might be able to degrade polychlorinated biphenyls (PCBs), which have been used in a number of industrial applications due to their excellent physical properties and extreme chemical stability but for various reasons finally leaked into the environment. The industrial chlorination of biphenyl produces a complex mixture of compounds, called congeners, differing in the number and position of chlorine atoms at the biphenyl rings. All congeners are poorly soluble in water but highly soluble in organic solvents, including fat. These properties make PCBs a major environmental pollutant with negative impacts on many biological systems (6) due to their enrichment in food chains (20) .
Despite the fact that a number of PCB-degrading bacteria are known, this pollutant is recalcitrant in the environment, and efforts at bioremediation with optimized strains were often not very successful (11) . To improve intrinsic bioremediation, a passive remedial approach that depends on microbial processes to degrade and dissipate pollutants in soil and groundwater, one has to understand the influence of this highly hydrophobic substrate on the autochthonous microbial community. We studied intensively a highly contaminated site near Wittenberg in Germany and developed a broad knowledge base of the bacterial community of the soil samples (29) . The sandy soil is low in total organic carbon (TOC) and acidic, with a pH of 4.0 to 4.5. High PCB concentrations together with an overall low TOC content at the site make this pollutant the main carbon source here, promoting microbial communities which have been reported to degrade several congeners of PCB (1, 36) .
To study the PCB-influenced microbial community, an approach to growing complex bacterial biofilms in microcosms has been developed (19) . An inert substratum (Permanox) dotted with the industrial PCB mixture Aroclor 1242 was exposed to PCB-polluted soil samples. In a microcosm filled with a soil slurry from the site under study, a biofilm developed on the lower surface of the floating plastic device used as a substratum, separated from the soil by a water column. These biofilms were characterized by a polyphasic approach comprising single-strand conformational polymorphism (SSCP) community fingerprinting, PCB chemical analysis, and confocal laser scanning microscopy (CLSM). We report here on the spatial and compositional structure and complex dynamics of the developing biofilm and its PCB-degrading activity, leading to the identification of three stages of biofilm development.
MATERIALS AND METHODS
Characterization of the site. The site, situated north of Wittenberg, Germany, had been polluted by the Russian army with PCB oil more than a decade ago (29) . The soil used in our experiments contained mainly sand with some clay and had a pH of 4.54, a low TOC content of 0.38% Ϯ 0.07%, a low total nitrogen (TN) content of 200 Ϯ 40 ppm (giving a TOC/TN ratio of 19.0), and a PCB concentration of 813 ppm (451 ppm C). The PCB mixture was found to consist mostly of low-chlorinated congeners (29) with 2.9% dichlorobiphenyls, 44.7% trichlorobiphenyls, 51.6% tetrachlorobiphenyls, and 0.8% pentachlorobiphenyls, a composition similar to that of Aroclor 1242; therefore, this commercial PCB mixture was used in our experiments (15) .
Soil samples. Soil samples (approximately 500 g) were taken from the PCBpolluted site and stored at 4°C until use (12) . Soil samples were air dried, and 2 to 10 mg of soil was exactly weighed and submitted to analysis in an EA 1108 elemental analyzer (Fisons, Italy) with CHN packing for analysis of TN and TOC after a previous reaction with hydrochloric acid. Results are averages of five analyses.
PCB analysis. PCBs were extracted by washing the slides with n-hexane using a modified method described previously (7) . The extracts were concentrated under a gentle stream of N 2 to about 200 l and filled up to 1,000 l with hexane. Aliquots (1 l) were analyzed by capillary gas chromatography performed on a Hewlett-Packard 5890 Series II gas chromatograph equipped with an HP Ultra 2 capillary column (50 m by 0.2 mm; film thickness, 0.11 mm) and a flame ionization detector. Hydrogen served as the carrier gas. The injector temperature was set to 250°C, and the detector temperature was 300°C. The oven program was as follows: 80°C for 3 min, 90°C to 288°C at 6°C min Ϫ1 , and an isothermal period of 20 min. The PCB congeners were identified by gas chromatographymass spectrometry (7) and by comparison with authentic standards. Because previous experiments with PCB microdroplets possessing a much larger surfaceto-volume ratio than the PCB droplets used in this study have shown that only small amounts of PCB congeners were leached by water in sterile microcosms (36), 2,2Ј,5,5Ј-tetrachloro-PCB (PCB 52) (4), present in Aroclor 1242, was used as an internal standard (8) .
Microcosm experiments. Droplets (0.7 l) of Aroclor 1242 (Promochem, GB) were placed on a sterile slide (Permanox [Nunc] , 100 by 20 mm, sterilely packed by the manufacturer) (17) . Permanox is a solvent-resistant polymer which is inert against PCB oil, although solvents such as xylene or toluene cause Permanox plastic slides to warp. Because autofluorescence at commonly used wavelengths is very low, Permanox products are recommended for fluorescent applications. The slides, bearing 10 droplets of PCB, were placed with the PCB droplets downwards on the water surface of a reservoir filled with 1 liter sterile tap water and 100 g of PCB-contaminated soil, which were thoroughly mixed before the reservoir was filled. The microcosm was kept at room temperature without agitation. After 7, 14, 21, 24, and 28 days, new slides with 10 PCB droplets each were added, and all were harvested 3 days later. This resulted in incubation times of 3, 7, 10, 17, 24, and 31 days. Pieces with 2 PCB droplets per slide were cut off and immediately examined by CLSM. Biofilms were harvested with a sterile spatula, and DNA was extracted from material representing 3 or 4 PCB droplets by using the Fast-DNA-Spin kit for soil (Bio 101, La Jolla, CA) according to the manufacturer's instructions (31) . Four to 5 different droplets of PCB from the same slide were extracted, and for each droplet the PCB composition was analyzed as described above.
SSCP fingerprint analysis. The primers chosen for amplification of bacterial 16S rRNA genes were the forward primer Com1 and the reverse primer Com2-Ph as published by Schwieger and Tebbe (35) . The phosphorylated strand of the PCR products was digested by lambda exonuclease (New England Biolabs, Schwalbach, Germany), proteins were removed by the Mini-elute kit (QIAGEN, Hilden, Germany) as recommended by the manufacturer, and the remaining single-stranded DNA was dried under a vacuum. The DNA was then resuspended in denaturing SSCP loading buffer (47.5% formamide, 5 mM sodium hydroxide, 0.12% bromophenol blue, and 0.12% xylene cyanol) and subjected to electrophoresis (35) . Gels were run at 400 V for 17 h at 20°C in a Macrophor electrophoresis unit (LKB, Bromma, Sweden) and subsequently silver stained (5) .
Sequence determination of SSCP bands. Bands were excised from the gel, eluted in buffer (10 mM Tris buffer, 5 mM KCl, 1.5 mM MgCl 2 · 6H 2 O, 0.1% Triton X-100, pH 9.0), and extracted at 95°C for 15 min. Extracts were centrifuged, and the supernatant was used as a DNA template in the PCR with the primers described above. The PCR product was purified (Mini-elute kit; QIAGEN, Hilden, Germany) and sequenced with a sequencing kit (DYEnamic ET Terminator cycle sequencing kit; Amersham Biosciences, Freiburg, Germany) and both primers. The product was cleaned with the Dye Ex Spin kit (QIAGEN, Hilden, Germany), and the sequence was analyzed on an ABI PRISM 337 DNA sequencer and an ABI PRISM 3100 genetic analyzer. The sequences were compared using the N-FASTA program and the EMBL and GenBank databases (Table 1) 
(2).
Microscopy analysis-biofilm staining. Samples were first stained for hydrophobic compounds (PCBs) and then for nucleic acids (bacteria). PCB droplets on the slides were stained with Nile Red (Sigma, St. Louis, MO). For this purpose a stock solution of 2 mg Nile Red in 1 ml acetone-water (1:1, vol/vol) was diluted 1:1,000 in demineralized water. After staining for 15 min, the sample was carefully rinsed twice and counterstained using a nucleic acid-specific stain. Bacterial cell distribution was determined with SYBR green (Molecular Probes, Eugene, OR) (27) . The nucleic acid-specific SYBR green stain was used as supplied and diluted 1:1,000 in demineralized water. Samples were incubated for 5 min at room temperature. Live and damaged cells in biofilms were stained with the BacLight kit (Molecular Probes, Eugene, OR) applied as described by the manufacturer. All samples were examined immediately after staining using CLSM (25) .
CLSM. Laser scanning microscopy was performed using the model TCS SP (Leica, Heidelberg, Germany) attached to an upright microscope. The instrument was controlled by Leica Confocal software, version 2.5, Build 1347d. The system was equipped with three visible lasers: an Ar laser (458, 476, 488, and 514 nm), a laser diode (561 nm), and a He-Ne laser (633 nm). The spectrophotometer feature allowed flexible and optimal adjustment of sliders on the detector side. The following settings were used for excitation and recording of emission signals, respectively: SYBR green, 488 and 500 to 530 nm; Nile Red, 488 and 550 to 700 nm; Syto9, 488 and 500 to 540 nm; propidium iodide, 561 and 590 to 650 nm. Biofilm samples were observed with 10ϫ 0.3-numerical aperture (NA), 20ϫ 0.5-NA, and 63ϫ 0.9-NA water-immersible lenses (24) .
Digital image analysis. Images were visualized by using the microscope software (Leica) for maximum-intensity projections and Imaris, version 4.06 (Bitplane, Zürich, Switzerland), for XYZ projections and isosurface rendering. Live/ Dead staining was quantified using the ConAn program (written especially for digital image analysis of microbiological CLSM data) after object definition with an intensity threshold of 51 pixels. Images were mounted in Photoshop CS (Adobe, San Jose, Calif.) without any image adjustments.
Statistical analysis. The data were analyzed using Statistica 5.0 software (Statsoft, Tulsa, Okla.). For cluster analysis of PCB degradation, we used the relative amount of the remaining congeners, the unweighted-pair group method using average linkages, and 1 Ϫ Pearson r as a distance measure.
RESULTS
Structural development of the biofilm. The biofilm was monitored by CLSM over 31 days using Nile Red to stain PCBs and SYBR green for the bacteria. Figure 1 depicts the formation and development of the biofilm on the PCB droplet, showing the spatial progress of the biofilm on the PCB oil droplet. After 3 days of incubation, a biofilm was detected on the Permanox slide close to the PCB, but only a few cells were observed on the PCB droplet (Fig. 1A) . It is noteworthy that Nile Red stained not only PCB but also some groups of bacteria, as shown in Fig. 2B , indicating a hydrophobic cell surface. Staining with the BacLight kit revealed a number of damaged cells staining red. A quantitative analysis gave a living/damaged cell ratio of 1.0:0.76, which means 24% more living than defective cells. Subsequently, after 7 days, substantial biofilm accumulation was observed on the margins of the droplet as well as directly on the PCB droplet (Fig. 1B) . Furthermore, after 7 days, the number of live cells was higher than that of defective cells, with a ratio of 1.0:0.68 (Fig. 3G) . The monitoring detected an interesting phenomenon in the 10-day-old biofilm: on the one hand, the biofilm previously on the Permanox surface detached to a large extent-leaving the slide surface around the droplet almost without cells-but on the other hand, the biofilm on the PCB oil grew significantly and started to form some aggregates ( Fig. 3D and E) . The densest population was observed in the 10-day-old biofilm. At this point the accumulation of cells was not only at the droplet boundary but widespread on the PCB oil. The numbers of live and damaged cells also changed after 10 days and became equally distributed, with a 1.0:0.97 ratio (Fig. 3H) . After 17 days the PCB biofilm showed the highest number of species (see Fig. 5 ), but at this time the bacterial population on the Permanox substratum was lower than that for the 7-day-old biofilm ( Fig. 1B and D) . Twenty-four days after incubation, large microbial aggregates could be noticed on the PCB surface, as schematically depicted in Fig. 4 , exposing some areas of the PCB surface. For the first time, biofilm invasion into the PCB droplet was observed. The 31-day-old biofilm revealed more detachment from the PCB surface, and the microbial aggregates became larger ( Fig. 3C and F ). In addition, larger "holes" in the PCB droplet were observed (Fig. 1E, 1F , 2A, and 2B). As at 10 days, the Permanox surface around the droplet was almost empty at this time. After 17, 24, and 31 days, damaged cells were dominant, with a ratio of 1.0:1.7 (Fig.  3I) . Microbial community structure development. Qualitatively the PCB biofilm community did not show dramatic changes over the whole biofilm development (Fig. 5) . SSCP analysis of the young biofilm revealed a rather diverse microbial community after 3 days. Analysis of the sequence of the main SSCP
FIG. 3. Biofilm development after 7 days (A, D, and G), after 10 days (B, E, and H), and after 31 days (C, F, and I). The PCB biofilm stained with SYBR green (bacteria) and Nile Red (PCB droplet) is shown as XY maximum-intensity projections (A, B, and C) and as XZ projections (D, E, and F). The PCB biofilm after staining with LIVE (green)/DEAD (red) is presented as maximum-intensity projections (G, H, and I). VOL. 71, 2005 BIOFILM COMMUNITY AT INTERFACE BETWEEN PCB AND WATER 7305
on August 11, 2015 by GESELLSCHAFT FUR BIOTECHNOhttp://aem.asm.org/ band resulted in its identification as a close relative of the genus Herbaspirillum (band 2). Band 2 (as well as bands 7 and 19) stayed prominent over the whole observation period until the final sampling after 31 days. A second major band, band 1 (as well as bands 5 and 14), showed high identity to a Bradyrhizobium sp. On the 7-day-old biofilm two other bands, showing mobilities on the SSCP gel equal to those of bands 10 and 13, were identified as a Sphingomonas or Paracoccus sp. and a Pectinatus sp., respectively. The 10-day-old PCB biofilm revealed the same bands found after 7 days and two additional intensive bands, bands 11 and 6, corresponding to Rhodovibrio sodomensis and a Bdellovibrio sp., respectively. Microbial diversity increased further over the following days and reached an apparent maximum at day 17, when bands 8 and 9, which were not seen on the other days, could be observed. The new band 9 was found to be a Pelotomaculum sp., and band 8 an Acidovorax or Variovorax sp. Bands 8 and 9 were present only in this biofilm and disappeared afterwards. Furthermore, bands 16, 17, and 18 appeared and were identified as an Acidothiobacillus sp., a Beggiatoa sp., and a Polynucleobacter sp., respectively. On days 17 and 24, band 20, which was identified as the mitochondrion of an Acanthamoeba species (Table 1) , was more prominent. The biofilm remained relatively constant on days 24 and 31, and no new significant bands appeared. Dynamics of PCB degradation. The PCB degradation profile of the biofilm at each time point revealed a differentiated decrease of several PCB congeners. Some of these congeners had a significantly delayed decrease, e.g., 2-chlorobiphenyl (PCB 1), 2,3-and 2,4Ј-dichlorobiphenyl (PCB 5 and PCB 8, respectively), and especially 4-chlorobiphenyl (PCB 3). The latter congener did not show any degradation after 3 days but declined rapidly after day 7. Between days 10 and 24, degradation remained relatively stable for all congeners. After that time an additional decrease took place for many PCB congeners, reaching 87% degradation for 4-chlorobiphenyl. A cluster analysis based on the degradation of all congeners of the PCB oil at the various time points gives a much better comparison of the metabolic activities of the biofilm community than a comparison based only on the degradation of single congeners. Such an analysis showed three different stages of degradation (Fig. 6, right panel) . While the PCB oil was hardly degraded after 3 days, some degradation was apparent after 7 days. The degradation patterns of the next three time points 
DISCUSSION
While the community analysis showed no fundamental changes in the biodiversity of the biofilm, confocal laser scanning microscopy revealed a clear sequence of biofilm colonization of the PCB oil. The bacteria settled first on the Permanox substratum, and only a very few bacteria were found on the PCB droplet at this stage. Often something like a "zone of avoidance" could be seen between the colonized Permanox and the PCB droplet, leaving a small zone free of bacteria on the Permanox substratum close to the PCB. Interestingly, no "clay hutches," i.e., bacterial clay aggregates, which have been reported previously (18) , could be detected on the substratum. One explanation could be that in the clay hutches the clay was loaded with PCBs from the contaminated soil, which served as a substrate for the bacteria within the hutches, while in the experiments discussed here, PCB was presented on the substratum to the microbial community, which could use the substrate directly without any recruitment of clay. Another reason could be that the clay aggregates forming microcosms were gently shaken, but slides and reservoirs were not shaken in the current study. The next step in biofilm development was a concentration of bacteria around the droplet, which approached the PCB oil and started to colonize it. The number of bacteria found on the Permanox became more and more depleted, and after 17 days the biofilm was found mainly on the PCB droplet. Here it formed aggregates, and in the late stage of biofilm formation, depressions in the PCB droplet could regularly be seen, where bacterial aggregates started to grow into the droplet. A similar behavior has been described for a biofilm with Acinetobacter venetianus, using diesel fuel droplets, where the bacteria adhere to the oil surface (3, 30) , and it can be speculated that this is a common behavior of biofilm communities colonizing hydrophobic substances.
This sequence of PCB biofilm formation was accompanied by a marked increase in the number of damaged cells after 10 days, which has also been observed in other mature biofilms (37) and appeared, therefore, not to be caused only by the hydrophobicity of PCB. Live-dead staining revealed the presence of damaged cells from the very beginning, but their number increased dramatically after 2 weeks. Similar results have been described for mature toluene-degrading biofilms, which grew in a bioreactor on polypropylene rings using toluene as a carbon source (37) . Recently, this increase in the number of damaged cells has been also described as an aging process of biofilms (38) . If conditions are becoming unfavorable, some bacteria possess the ability to destroy the biofilm matrix, setting the cells free as planktonic cells which can then move to more favorable sites (21) . Because of the small changes in the composition of the microbial community over the entire experiment, it can be assumed that the bacteria that formed the PCB biofilm were probably the same that accumulated at the margins of the droplets. A Herbaspirillum sp. was the first to appear significantly in the PCB biofilm community, and it stayed present over the whole experiment; for this reason, it can be assumed that the Herbaspirillum sp. was very important for PCB degradation. Herbaspirillum sp. strain K1 (22) and the recently described Herbaspirillum chlorophenolicum (14) have been shown to degrade 2,3,4,6-tetrachlorophenol and 4-chlorophenol, but no other involvement in biofilm has been reported until now. Interestingly, no Burkholderia species could be detected, although they are reported to be abundant in the soil (29) , among the isolates grown on biphenyl (1) and involved in the degradation of PCB congeners (36) . A second major band in the 7-day biofilm (band 2) showed 100% identity with a Bradyrhizobium sp. that has previously been identified as a main degrader of 4-chlorobenzoate (9), and a putative 4-chlorobenzoate coenzyme A ligase has been found in the Bradyrhizobium japonicum USDA110 genome (16) . Since a Bradyrhizobium sp. has also been reported from a PCB biofilm from the same soil (36) , it can be speculated that Bradyrhizobium species may have their function in the lower degradation pathway of PCBs. Bradyrhizobium and/or Herbaspirillum species seem to be good candidates for taking over the role of the missing Burkholderia species in PCB degradation, but further studies are needed for confirmation. Furthermore, the observation of two Bradyrhizobium spp. in the PCB biofilm correlated well with the report of a number of Bradyrhizobium clones from soil based both on DNAs and on rRNAs of this site (28, 29) . Pectinatus spp. are well known as beer spoilage bacteria and have been isolated from very different places, even from a mixture of oil with beer (13) , which demonstrates at least their ability to survive in relatively extreme environments. The occurrence of a Pectinatus sp. (band 9), an anaerobic species (34) , in the biofilm with an SSCP band intensity similar to those of the Herbaspirillum and Bradyrhizobium species points at least to anaerobic niches within the biofilm, which could also explain the degradation of the 2,3,3Ј,4Ј,6-pentachlorobiphenyl (PCB 110), probably degraded via reductive dechlorination. These three bacteria were significantly present in the SSCP analysis and showed strong bands in all biofilms (Fig. 5) . It can be assumed that these bacteria played a crucial role in biofilm formation and activity. The PCB biofilm showed three distinct stages of PCB degradation for most congeners. The first stage occurred before 10 days, when individual congeners were degraded in the range of 5 to 45%. Interestingly, within the period from 10 to 24 days, another stage occurred, in which the biofilm did not degrade much PCB. One reason could be metabolites inhibiting or damaging cells in the biofilm, because during this period (17 days) the highest ratio of damaged to living cells was observed, with about 70% damaged cells in the 17-day-old biofilm. This may also explain the attachment and detachment of the Pelotomaculum sp. and the Acidovorax or Variovorax sp. on the 17-day-old biofilm; these two bacteria possibly used compounds of the dead cells as a substrate. The detection of the Acanthamoeba sp. mitochondrion, which was most prominent in the 17-day biofilm, points additionally to some grazing pressure on the biofilm community, further contributing to the increase in damaged cells and the almost complete stop in PCB degradation.
The third degradation stage occurred in the period between 24 and 31 days. This stage showed a dramatic decrease in 4-chlorobiphenyl (PCB 3) to only 15% of its original amount, as well as in other congeners, with 2-chlorobiphenyl (PCB 1) and 2,3-and 2,4Ј-dichlorobiphenyl (PCB 5 and PCB 8, respectively), for example, decreasing by about 50%. A detailed analysis of the SSCP fingerprint revealed that a Pectinatus sp. (band 9) and a Sphingomonas or Paracoccus sp. (band 10), as well as a Herbaspirillum sp., were the most abundant species at this time. This is corroborated by the report of Nogales et al., who found Sphingomonas species to be one of the active groups in the same site (29) . The reason for the second stage of degradation is unknown, but the presence of the anaerobic Pectinatus sp. and the invasion of the biofilm into the PCB oil point to anaerobic conditions, where reductive dechlorination is favored. This is corroborated by the beginning of the degradation of 2,3,3Ј,4,5Ј-pentachlorobiphenyl (PCB 110) after day 24, which is very likely initiated by a reductive dechlorination step. At this stage it is assumed that the biofilm showed an anaerobic section close to the PCB oil, where the higher-chlorinated congeners were dechlorinated, and an aerobic section where the ring cleavage occurred. However, the formation of an anaerobic zone in the biofilm obviously also caused some changes in the aerobic part, because here another round of degradation of mono-and dichlorobiphenyls was observed.
Conclusions. The biofilm developing from PCB-contaminated soil on PCB droplets displayed a pronounced pattern of maturation not reported before from pure-culture experiments. The first step was the colonization of the Permanox substratum, while the PCB oil was hardly populated. When a certain density of bacteria was reached on the Permanox, the PCB was colonized, but afterwards the degradation of the congeners was markedly reduced and many cells were damaged. Finally, the biofilm formed aggregates and invaded the PCB oil, showing fewer damaged cells and a dramatic increase in PCB degradation. The three stages of the biofilm development are as follows. (i) Up to 10 days, the PCB droplet is populated, degradation of low-chlorinated PCB congeners starts, and an increase in biodiversity is observed. (ii) Between 10 and 24 days, aggregates are formed in the mature biofilm on the PCB droplet, little PCB is degraded, and bacterial diversity reaches a maximum. (iii) Between 24 and 31 days, the aggregates increase, bacterial invasion of PCB oil starts, the biodiversity of the biofilm decreases, and a new round of PCB degradation, including that of the pentachlorobiphenyls, occurs.
This was reflected not only in the analysis of the CLSM data but also in the degradation pattern of the PCB congeners as shown in Fig. 6 . This sequence of biofilm formation is understood as a maturation process (prior to PCB oil colonization) followed by the development of a thin biofilm on the PCB droplet, an aggregation process forming pockets in the PCB, and finally an invasion of the biofilm into the PCB oil. The mature biofilm was able to degrade higher-chlorinated PCB congeners, a process that may involve reductive dechlorination.
